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Abstract
Heather (Calluna vulgaris) honey is a special type of honey, highly valued for its characteristic strong taste, 
unusual texture and health properties. Antibacterial activity of honey is due to low acidity, high osmolarity, content 
of hydrogen peroxide and other components such as polyphenolic compounds. In this paper we proposed evaluation 
of the in vitro antibacterial effect of heather honey on some clinically important bacterial species. Heather honey 
collected from Cluj Region was chemically characterized and then subjected to antimicrobial activity determination. 
Disc diffusion method and dilution susceptibility test for antibacterial activity on different Gram positive and Gram 
negative bacteria were used. As heather honey is tixotrophic, different solutions in ultrapure water were made 
and it was found that 80% dilution was suitable for the experiment. The diameters of inhibition obtained were 
between 9-12 mm at bacterial strains tested. Heather honey has a high antibacterial activity, comparable to honey 
types that are used worldwide in the treatment of different bacterial infections. Further detailed studies must be 
carried out to establish the rightful status of this valuable type of honey.
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INTRODUCTION   
Honey has been used since ancient times as 
sweetener or in traditional medicine, even though 
the explanations for its properties came much 
later. Today modern science has made it possible to 
explain almost all medical properties of different 
types of honey, such as: antioxidant (Estevinho 
et al., 2008; Mărghitaş  et al., 2009), antibacterial 
(Molan, 1992; Weston, 2000; Oelschlaegel et al., 
2012), antifungal (Irish et al., 2006; Estevinho et 
al., 2012), antiviral (Molan, 2001a) and useful for 
treating various wounds or burns (Molan 2001b; 
Haynes, 2011). 
The antibacterial activity of honey is due to its acidity (low pH), osmotic effect, high 
sugar concentration, presence of bacteriostatic 
and bactericidal factors (hydrogen peroxide, 
antioxidants, lysozyme, polyphenols, phenolic 
acids, flavonoids, methylglyoxal, and bee peptides) 
(Brudzynski et al., 2011; Bobiş et al., 2013; Izraili 
2014).
As bees use nectar from different flowers and 
also sweet secretions as raw material to produce 
honey, the final product will have different 
compositions and physicochemical properties 
(different osmolarity, sugar composition, acidity, 
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bioactive compounds). For this reason, the 
antimicrobial properties of different types of 
honey can vary over 100-fold (Lusby et al., 2005). 
Heather (Calluna vulgaris) honeys possess a particular characteristic called tixothropy, due to 
the presence of a specific colloidal protein. For 
this type of honey, water content is accepted to be 
more than 20%, for electrical conductivity often 
over 0.8 mS/cm (Dezmirean et al., 2010; Moise et 
al., 2013). It is a dark colour honey, with medium 
to strong aroma and odour, and a particular gel 
consistency (Persano Oddo and Piro, 2004). 
Heather honey is used in the therapy of 
different inflammation of the respiratory tract 
and oral cavity, and is also recommended in 
the treatment of urinary infections or prostate 
diseases (Feás et al., 2013). It is known to have a 
high antibacterial activity, comparable to or even 
higher than Manuka honey or other well known 
antibacterial types of honey (Deb Mandal and 
Mandal, 2011; Alnaimat et al., 2012; Bobiş et al., 
2013).
While current studies focus increasingly 
on the chemical composition of heather honey: 
palynological and physicochemical composition 
(Andrade et al., 1999; Pires et al., 2009; Dezmirean 
et al., 2010; Moise et al., 2013), possible floral 
marker evaluation (Oelschlägel, 2011), antioxidant 
properties (Estevinho et al., 2012; Moise et 
al., 2013), few focused on the antimicrobial or 
antifungal properties of these types of honey 
(Henriques et al., 2005; Feás and Estevinho, 2011).
Consequently, the aim of the present 
study was to characterize different samples of 
Romanian heather honey and to assess the “in 
vitro” antimicrobial properties of heather honey 
against some clinically important bacterial 
species, including Staphylococcus aureus, Bacillus 
cereus, Escherichia coli, Pseudomonas aeruginosa, 
Salmonella enteritidis and Salmonella typhi. 
Moreover, different correlations among phenolics, 
flavonoids and other chemical parameters and 
antimicrobial properties of honeys were studied.
MATERIALS AND METHODS   
Honey samples. For the experiment, six 
samples of heather honey collected from Cluj 
County (2012 – 2013) were used to determine 
the chemical composition and antibacterial 
properties. Samples were stored in a dark place 
at 22±10C temperature; all determinations took 
place no more than six months from the harvest date. 
Botanical identification. All honeys were 
declared as heather monofloral honeys by 
beekeepers, but in the lab they were subjected to 
qualitative pollen analysis, using Louvreaux et al. 
(1978) method without acetolysis, to confirm the 
declared botanical origin.  
Bioactive compounds determination. Total 
phenolic content and total flavonoid content were 
determined for all honey samples, following known 
laboratory methods (Ferreira et al., 2009). For 
total phenolic content, the Folin Ciocâlteu method 
(Singleton et al., 1999) with some adjustments 
was used, expressing the results as mgGA 
equivalents per 100 g honey, using a calibration 
curve made with different concentrations of 
Gallic acid (y = 8.03727x-0.06356, r2=0.9996). For 
total flavonoid content, the aluminium chloride 
method was used (Kim et al., 2003), with NaNO
2 
and NaOH solutions added as reagents. For 
the calibration curve, different concentrations 
of quercetin were used, and the results were 
expressed as mg QE equivalents per 100 g honey 
(y=11.11546x-0.00664, r2=0.9989). 
Antioxidant potential. Knowing that heather 
honey has antioxidant properties due to its 
chemical composition, two different methods 
were used to assess the antioxidant activity. DPPH 
(Blasa et al., 2006) and FRAP (Benzie and Strain, 
1996) methods were used in the experiment and 
the antioxidant activity was expressed as radical 
scavenging activity against the DPPH radical and 
total antioxidant power expressed as FRAP value. 
Antimicrobial activity tests. Six reference 
bacterial strains were used in this experiment: 
Staphylococcus aureus – ATCC 6538P; Bacillus 
cereus – ATCC 14579; Escherichia coli ATCC 
10536; Pseudomonas aeruginosa – ATCC 27853; 
Salmonella enteritidis ATCC – 13076; Salmonella 
typhi – ATCC – 14028. 
Bacterial strains from collection are seeded in 
liquid medium (nutrient broth), incubated at 37ºC 
for 24 hours. First, the antibacterial activity was 
tested by disc diffusion method adapted for honey. 
Sterile Petri dishes of 9 cm diameter in sterility 
conditions were used and 24 mL Mueller-Hinton 
agar was poured inside, to obtain a layer of 5 mm 
thickness. 
Plates were maintained 10-15 min with the lid 
open for medium solidification. 
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After well cutting, the plate was flooded 
with a bacterial suspension for 18-20 hours with 
a density of 0.5 McFarland. Excess of bacterial 
suspension was removed and let to dry. Every 
well was then treated with 20µl honey solution 
(80%), and plates were incubated at 37ºC for 24 hours.   
If the used germ was sensitive to the honey 
solution, a circular aria of variable size was 
observed around the well, where the bacteria did 
not grow any more. 
The second procedure was dilution suscep-
tibility test, where we determined the minimum 
inhibitory concentration determination (MIC). 
The measurements used clear 96-U-shaped Well 
Plates, of  capacity of 200 µl each, sterile Mueller-
Hinton broth, and bacterial cultures in liquid 
medium. Using multichannel automatic pipette, 
100 µl Mueller-Hinton broth is placed in the 
first 10 wells of the plate and in the 12th of every 
row. In the first well of each row, 100 µl of honey 
solution was added and the mixture was aspired 
repeatedly from the well. Then, 100 µl from the 
first well is aspired and placed in the second well, 
homogenizing again. This procedure is done until 
the 10th well is reached, from which 100 µl is 
discharged.
Finally, every well is seeded with 10 µl of 24-
hour bacterial culture, including the 12th well, 
which will serve as control for the bacterial strain. 
The plate is covered with a lid and incubated at 
37ºC for 24 hours.
The minimum inhibitory concentration (MIC) 
is given by the smallest dilution from the analysed 
product (last well) in which the bacterial culture is 
inhibited (broth remains clear).  
RESULTS AND DISCUSSION   
In order to verify the botanical origin of honey 
samples, palynological analyses were carried out, 
following the Louvreaux et al. (1978) method. 
The sediment obtained from 10 g honey solution 
in 5‰ H
2
SO
4
, stained and fixed on a microscopic 
slide, showed a mean of 34.2% heather pollen 
(Fig.1) for all samples, other present species being 
black locust (Robinia pseudoacacia), chestnut 
(Aesculus hippocastanum), rape (Brassica sp.) and 
meadowsweet (Filipendula ulmaria). These other 
pollens were lower than 5% for each species, so 
honey samples were classified as monofloral 
heather honeys.
For the measurement of antioxidant activity 
of honey samples by means of DPPH method, 
10% honey solutions in ultrapure water were 
made. DPPH radical was dissolved in methanol 
in order to obtain a 2.4 mM solution. As positive 
control, 6-hydroxy-2,5,7,8-tetramethylcroman-
2-carboxilic acid (Trolox) in methanol was 
used.  A calibration curve of Inhibition % versus 
Trolox concentration was made, using six Trolox 
concentrations (Fig.2A). 
For total antioxidant power, the measurements 
were made using freshly prepared FRAP reagent. 
The absorbance of reagents and standard solutions 
were read at 0 and 15 min at 593 nm. Results were 
expressed as FRAP values (μM Fe2+/g sample). The 
calibration curve was made using eight dilutions 
of FeSO
4
 (stock solution of 1mM/L)(Fig.2B). 
Fig.1. Specific pollen of heather (Calluna vulgaris), obtained from the sediment of heather honey:  
optic microscopy (400X magnification)
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Honey samples were analysed in the same 
way as standards and using the equation curve 
(y=722.4x-1.076), the antioxidant activity of honey 
was expressed as mM Trolox/kg honey (Tab, 1).  
In the present study, the concentration of 
total phenolic content ranged between 59.7 and 
72.1 mgGAE/100 g honey, with a mean value of 
62.7 mgGAE/100 g honey (Table 1). These results 
were in accordance with existing literature data 
(Andrade et al. 1999; Estevinho et al., 2012; Feás 
et al., 2013; Moise et al., 2013).
Total flavonoid content from the analyzed 
samples was lower than total polyphenols, as 
flavonoids are a part of these bioactive compounds 
(Tab. 1). 
Higher amounts of bioactive compounds 
exhibit also high antioxidant properties. It is 
known that darker honeys possess high amounts 
of polyphenols, and consequently high antioxidant 
properties (Estevinho et al., 2008; Ferreira et al., 
2009).
The antimicrobial activity of the honey samples 
was tested against the most common pathogens 
that cause different infections. Generally, these 
microorganisms may have developed resistance 
to different drugs, because of the random use of 
antibiotics. The need for finding new alternatives 
to treat these bacteria led us to testing different 
types of honey, heather honey included. 
Tested Gram positive (Bacillus cereus and 
Staphylococcus aureus) and Gram negative 
(Escherichia coli, Salmonella enteritidis, Salmonella 
typhi and Pseudomonas aeruginosa) bacteria 
presented different susceptibility towards 
heather honey solution. Table 2 presents both 
inhibition zone diameter and minimum inhibitory 
concentration of heather honey and bacterial strains.
Tab. 1. Bioactive compounds and antioxidant activity of heather honey
Honey sample Total  polyphenols* (mgGAE/100g 
honey)
Total\flavonoids* 
(mgQE/100 g 
honey)
Radical scavenging 
activity* (mmol 
Trolox/g)
Total antioxidant 
power*(μmol 
Fe2+/g)
Heather 1 59.74±2.45 29.54±4.35 4.86±1.21 10.25±2.12
Heather 2 61.25±6.21 31.24±2.54 4.98±0.52 11.32±2.20
Heather 3 57.24±2.54 29.45±6.21 3.66±1.54 9.98±1.56
Heather 4 72.13±6.51 36.21±2.64 4.34±0.62 12.42±1.85
Heather 5 66.45±7.21 31.48±4.52 4.56±1.24 11.32±2.41
Heather 6 59.46±5.22 34.28±3.45 3.98±0.68 10.24±2.53
Mean 62.71 32.03 4.39 10.92
*Values represent the mean of three independent determinations ± standard deviation
Fig.2. Calibration curve Inhibition % versus Trolox concentrations for radical scavenging activity determination 
(A); Calibration curve of absorbance versus concentration for FeSO
4
, for total antioxidant power measurement (B)
A
y = 1,2005x + 0,0911 
R² = 0,992 B
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The information available in the literature 
regarding the antimicrobial activity of honey is 
sometimes controversial and differs from one 
type of honey to another. Table 2 present the 
results obtained for Romanian heather honey as 
inhibition diameter and MIC, considering different 
Gram positive and Gram-negative bacteria. 
Differences among bacteria were observed, 
although not statistically significant. P. aeruginosa and S. enteritidis have the highest inhibition 
diameter (11 and 11.3 mm, respectively), while S. 
typhi and B. cereus have the smallest diameter (9.3 
and 9.6 mm). MIC ranged between 2.1 and 7.4% 
honey solution, B.cereus being the most sensitive 
to the honey effect and (2.1%), S. typhi being the most resistant.
Comparable results were obtained for 
Portuguese heather honey (Feás et al. 2011; 
Estevinho et al., 2012; Feás et al. 2013).
CONCLUSION   
The general observation regarding the 
antibacterial activity of heather honey against 
different Gram negative and Gram-positive 
bacteria was that the tested microorganisms were 
sensitive to this type of honey. High inhibition 
zone diameter in disc diffusion method and 
small concentration of honey for determination 
of minimum inhibitory concentration put this 
Romanian honey among the first honeys in the 
world regarding antimicrobial activity. 
The study demonstrates that alternative 
medicine has now gained scientific support in 
explaining the mechanisms of action and the 
compounds that are responsible for biological 
properties of bee products, in our case honey. 
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